ABC-transporters prevent the access of antiepileptic drugs into brain parenchyma, which partly explains why seizures are frequently refractory to AEDs treatment. Overexpression of aABC-transporters and stemcell markers including CD34, have been detected in malformations of cortical development (MCD) and brain tumors. ABC-transporters are constitutively expressed during maturation of normal progenitor stem-cells and cancer stem-cells. These abnormal/immature cells of MCD or brain tumors play an active role in the epileptogenesis but the precise nature of this phenomenon is unclear. Irrespective of their property in the pharmacoresistance, ABCB1-transporter P-glycoprotein also play a role in the membrane depolarization, suggesting that constitutive Pglycprotein overexpression in MCD and brain tumors could explain their epileptogeneic properties. MCD as wells as brain tumors arise from abnormal progenitor cells, where ABC-t together with others stem cell markers, could help to better identification of these abnormal progenitor cells and serve as biomarker of risk for seizure relapse after epilepsy surgery.
ABSTRACT
ABC-transporters prevent the access of antiepileptic drugs into brain parenchyma, which partly explains why seizures are frequently refractory to AEDs treatment. Overexpression of aABC-transporters and stemcell markers including CD34, have been detected in malformations of cortical development (MCD) and brain tumors. ABC-transporters are constitutively expressed during maturation of normal progenitor stem-cells and cancer stem-cells. These abnormal/immature cells of MCD or brain tumors play an active role in the epileptogenesis but the precise nature of this phenomenon is unclear. Irrespective of their property in the pharmacoresistance, ABCB1-transporter P-glycoprotein also play a role in the membrane depolarization, suggesting that constitutive Pglycprotein overexpression in MCD and brain tumors could explain their epileptogeneic properties. MCD as wells as brain tumors arise from abnormal progenitor cells, where ABC-t together with others stem cell markers, could help to better identification of these abnormal progenitor cells and serve as biomarker of risk for seizure relapse after epilepsy surgery.
INTRODUCTION
Epilepsy is a common neurologic disorder, affecting over 60 million people worldwide, putting it among the most prevalent of neurological disorders (1-2% of the general population), and the highest incidence occurs in children under the age of 5 and in the elderly (1, 2) . Antiepileptic drugs (AEDs) are the first treatment of choice for patients with epilepsy, and although regular treatment with AEDs has been found to be useful for controlling seizures in many patients, ~35% of epileptic patients, remains having seizures that are resistant to AEDs, and they are consequently considered as presenting with "Refractory Epilepsy" (RE) (3) . These patients failure to stop seizures after use of several and simultaneous AEDs, even at maximum tolerated doses administrated, and their chances of controlling seizures after a second (or more) AED administrated are really low (4, 5) .
Brain overexprtession of ABC-transporters as Pglycoprotein (P-gp), multidrug-resistance-associated proteins (MRPs) and breast cancer resistant protein (BCRP) are directly related with the refractoriness in epilepsy, affecting AEDs pharmacokinetics and drug-interactions (6) .
Epileptic syndromes are chronic neurological disorders, characterized by different forms of seizures, where prolonged and/or repetitive crisis may result in development of refractory epilepsy, and also neuronal death by apoptotic (programmed or 'active') or necrotic pathways. Gliosis and microglial activation inducing also not only histological changes but, alteration at the subcellular, synaptic and molecular levels are also observed. Several forms of brain damages (seizures, trauma, ischemia or hypoglycemia) can produces common alterations named as "dark neurons", whose mode of death is neither necrosis nor apoptosis, and these particular type of cells detected after injury, are capable of recovery (7), similarly to described at penumbra areas in stroke (8) . On this area, active interventions would help to recovery of these particular modified-cells in transient-state between live and death, and repair the damaged tissue including the recovery of their normal function (9) .
Interestingly, neuropathological alterations secondary to repetitive seizures, may be adaptive and reversible while others are permanent, and in others cases, similar brain alterations are the cause of convulsions playing a role in the epileptogenesis (10), a phenomenon in which various kinds of brain insults (e.g., traumatic brain injury, ischemia, infection, prolonged or repetitive seizures, etc.) trigger a cascade of events that eventually culminate in the occurrence of spontaneous seizures.
By definition, epileptogenesis refers to the biological processes that progressively alters neuronal excitability, establishes critical interconnections, perhaps requiring intricate structural changes developed during a not clearly defined silent period, between the initial insult and the occurrence of the first spontaneous seizure (11) .
Epiletogenesis is also often associated with the development of symptomatic epilepsy related with an identifiable structural lesion in the brain; however it is also occurs in genetic epilepsies, in which failures in developmental programming of gene expression leading to abnormal neuronal discharge, aberrant circuitry during maturation, as well as abnormal process of neuronal migration and/or differentiation (12) .
Effectively, epilepsy is a common direct consequence in many neurological diseases caused by a wide range of genetic factors as are seen in a long list of inherited epileptic channelopathies and others neurotransmitters receptors, as well as a common feature of metabolic diseases, where epileptogenesis is directly related with specific altered cellular and metabolic functions (13) .
However, other cellular or tissue alterations would also explain the epileptogenesis. One approach to reveal potential novel epileptogenic mechanisms, is to understand why a mutation in a disease-causing gene or several insults without specific genetics alteration on ligands or voltage-gated ion channels that regulate neuronal excitability, are also associated with seizures or epilepsy, as observed in several brain tumors or brain developmental malformations.
As example, the cortical tubers from Tuberous Sclerosis Complex (TSC) are perhaps the most convincing evidence to support the idea of searching for novel epileptogenic mechanisms produced during the development of a disease, in which epilepsy is "just comorbidity". Recently, in an experimental genetic inactivation of TSC-1 gene (hamatin), it was demonstrated an induced hyperactivation of the mTOR pathway in the dorsal telencephalic neuroepithelium, that interfered with proper CNS development resulting in postnatal megalencephaly, cortical anomalies and epilepsy (14) .
This altered mTOR pathway also could be present in other epileptic cortical malformations as cortical dysplasia Type IIB (CD-IIB), that share histopathologic features and the refractory epilepsy phenotype with cortical tubers, as well as in subependimal giant astrocytomas (SEGA) tumor cells from TSC, where all these characteristics would suggest the potential presence of similar epileptogenic mechanisms.
In a recent study, the morphological and electrophysiological properties of cortical cells in tissue from pediatric TSC (n=20) and CD-IIB (n=20) patients using whole cell patch clamp recordings and biocytin staining were compared (15) . Cell morphology and membrane properties were similar in TSC and CD-IIB cases. Except for giant/balloon and intermediate cells, all neuronal cell types fired action potentials and displayed spontaneous postsynaptic currents. However, the frequency of spontaneous glutamatergic postsynaptic currents in normal pyramidal neurons and interneurons was significantly lower in CD-IIB compared with TSC cases and the GABAergic activity was higher in all neuronal cell types in CD-IIB. Further, acutely dissociated pyramidal neurons displayed higher sensitivity to exogenous application of GABA in CD-IIB compared with TSC cases. These results indicate that, in spite of similar histopathologic features and basic cell membrane properties, TSC and CD-IIB display differences in the topography of abnormal cells, excitatory and inhibitory synaptic network properties, and GABAA receptor sensitivity. The authors suggest that the mechanisms of epileptogenesis could differ in patients with TSC and CD-IIB (15).
The described differences do not explain the similar severity of seizures and the refractoriness of these epileptic syndromes. It is clear that epileprogenesis is not synonymous of pharmacoresistance, however, we suspect that some mechanisms directly related with both epileptogenesis and pharmacoresistance should be common between both diseases, such as the case of the high expression of multidrug resistant proteins, particularly Pglycoprotein (P-gp).
Despite all advances to treat cancer in the periphery, any progress has been made in the therapy of brain cancer and the CNS diseases, where access of chemotherapy is restricted. Several ABC-transporters including P-gp, MRPs and BCRP, are highly expressed in brain tumors, in the tumor-supplying vasculature, and in the parenchymal tissue surrounding the tumor limiting the drugs access, and as example, at date, the diagnosis of glioblastoma is still a death sentence. Primary brain tumors can also be associated with epilepsy, causing typically focal and secondary generalized seizures in 20-45% of patients. In all these cases, seizures are also refractory to antiepileptic drug treatment probably secondary to the mentioned high expression of the ABCtransporters, but the nature of epileptogenesis which is suggested as multifactorial in all of them, remains unclear. One proposed mechanism of epileptogenesis is the different tumor types with changes in the properties of tumor´s cellmembranes, which could generate action potentials and thus affect neuronal excitability (16) . Other studies have also identified aberrant expression of glutamatergic neurotransmitter receptors in dysplastic neurons, and intracerebral electrodes implanted to localize seizure onset, identified early ictogenic discharges from cells of gangliogliomas (17, 18) .
Taking together, these observations could be according with a differential role of P-glycorotein related with a direct effect on membrane depolarization, described initially in cultured tumor cells (19) . Such property would support a hyperexcitable neuronal-tumor component functionally integrated into excitatory circuitries. In bases of the mentioned data, more recently was experimentally demonstrated how after repetitive seizures, neuronal overexpression of P-glycoprotein contributes to cellmembrane depolarization of hippocampus and neocortex, and this particular P-gp activity, was suggested as a potential novel mechanism of epileptogenesis (20).
BRAIN TUMORS AND MALFORMATIONS OF CORTICAL DEVELOPMENT
Several malformations of genetically determined cortical development have been associated with epileptic syndromes and/or developmental delay, and the main brain abnormalities identified are heterotopic gray matter, polymicrogyria, agyria-pachygyria, schizencephaly, hemimegalencephaly, transmantle dysplasia, focal cortical dysplasia, or cortical tubers, and all of them are characterized by phamacoresistant phenotype (21) .
Tuberous sclerosis is a multisystemic disorder caused by an inactivating mutation, in either the TSC1 or TSC2 genes, which encodes hamartin and tuberin, respectively, affecting some organs including the central nervous system. The proteins encoded by these two genes form a tumor-suppressor complex acting through the Ras homologue enriched in brain protein (RHEB) to limit activation of the mammalian target of rapamycin (mTOR) complex 1. When either TSC1 or TSC2 is deficient, mTOR complex 1 is constitutively upregulated, leading to abnormal cellular growth, proliferation, and protein synthesis (22, 23) .
The most common brain lesions described as cortical tubers are important features of the disease where abnormal cells are the hallmark. Cortical tubers are frequently epileptogenic and refractory to antiepileptic drugs treatment and patients could be considered for surgical treatment of their refractory epilepsy (24, 25) .
Subependymal giant cell astrocytoma (SEGA) observed in 10% to 20% of patients with tuberous sclerosis complex (TSC), is a benign and slowly growing tumor also associated with seizures (26, 27) . In spite that clinically, SEGA is frequently characterized by increased intracranial pressure after misdiagnosed tumor growth, or intratumorous haemorrhage and high risk of death (28), some reports describe SEGA presenting only with worsening of seizures and developing refractory epilepsy (29).
Epilepsy is common in patients with brain tumors and can substantially affect daily life, even if the tumor is under control. In all cases, prophylactic use of antiepileptic drugs is not recommended, and potential interactions between antiepileptic and chemotherapeutic agents persuades against the use of enzyme-inducing antiepileptic drugs. Furthermore, multidrug-ABCtransporters expressed at blood brain barrier, brain tumor cells and tumor-surrounding cells, prevent the access of antiepileptic drugs into brain parenchyma, which partly explains why seizures are frequently refractory to treatment. Slow-growing tumours (ie, mainly low-grade gliomas) are the most epileptogenic (30, 31) , and several ABC-transporters are overexpressed in these tumors and in the two major causes of medically intractable epilepsy as focal cortical dysplasia and glioneuronal tumors (32).
ABC-TRANSPORTERS AND STEM-CELL MARKERS IN MCD AND BRAIN TUMORS
Early reports indicates that P-glycoprotein and others ABC-transporters, are over-expressed in malformations of cortical development and brain cortical tubers explaining the refractory epilepsy phenotype (33) (34) (35) (36) , as well as in SEGA, where ABC-transporters and CD34 stem cell markers were also detected (37) . Similarly, co-expression of CD34 and neurofilament were described in epilepsy-associated glioneuronal tumors (38). Interestingly, the products of genes ABCB1 and ABCG2, corresponding to ABC-transporters P-glycoprotein and BCRP respectively, can be transiently expressed as markers of CD34-stem-cells or in earlier progenitor cell (39,40).
In normal brain, CD34 occurs only transiently during neurulation (41) and recently CD34 immunoreactivity was also detected as a subpopulation of balloon cells confined to the white matter but not observed in neocortical layers from brain specimens of Taylor's focal cortical dysplasia (FCD) (42). Balloon cells from FCD or tuberous sclerosis, can be ambiguous in their staining patterns, expressing markers of both immature and mature glial cells as well as neuronal markers, indicating interference with differentiation (43,44). Such is the case of FCDs that constitute the major class of cortical malformations associated with intractable epilepsies, and most balloon cells retain "immature" cell markers such as vimentin, CD34 and nestin (45).
Cortical dysplasia often coexists with glioneuronal tumors in 40-80% of cases and in FCD, differential expression of early progenitor cell marker expression can be observed, that could distinguishes Type II from Type I FCD (46) . Furthermore, cortical tubers that are frequently epileptogenic and refractory to antiepileptic drugs treatment, also express embryonic neuronal markers (47) .
Tissues from therapeutic resections of several refractory epilepsies, as dysembryoplastic neuroepithelial tumors (DNT), FCD and hippocampal sclerosis (HS), as well as several brain tumors as glial and glioneuronal tumors, are associated with pharmacoresistant epilepsy, having a much poorer pharmacological outcome compared to other symptomatic epilepsies (48) . In all of them, an overexpression of ABC-transporters as P-glycoprotein, MRPs and BCRP were described (49) (50) (51) . Furthermore, markers for immature cell types as Otx1, Pax6 and Tbr2, were noted in varied of pathologies related with cortical dysplasias, and activation of progenitor cell populations which could contribute to the pathophysiology of these lesions, was suggested (52).
All these observations suggests that MDR-proteins, and others stem-cells markers detected in abnormal cell from epileptogenic brain areas, could build a new biomarkers profile to give predictive information for long-term follow-up, after surgical treatments of refractory epilepsy and/or related with the risk of relapse of seizures, even before that a new brain structural anomaly can be detected.
STEM-CELLS AND EPILEPSY
Tumor itself may be the seizure focus, or the tumor may cause secondary several perilesional tissue alterations, thereby triggering seizure activity. Tumorassociated seizures that typically manifest as focal crisis with secondary generalization are commonly refractory not only to classic chemotherapy, but also to antiepileptic drug treatment (53) , suggesting that some common mechanism should be in between multidrug resistance in cancer and drug-resistant epilepsies.
Cells with self-renewal capacity and the ability to generate all differentiated lineages (multipotentiality) are defined as Stem Cells (SCs), and tissue-specific stem cells have been identified in multiple embryonic and adult organs, as well as specific cancer stem cells (CSCs).
Both SCs and CSCs are also described have resistance to apoptosis, a feature also related with multidrug resistance to conventional cancer chemotherapy (54), due to overexpression of MDR-proteins (55) . Furthermore, a hypothesis indicating that CSCs that have similar properties to normal SCs, was first described by Rudolf Virchow and Julius Conheim in the 19th century, suggesting that cancer arises from activation of "dormant cells" presents in normal mature tissue, which are remainders of embryonic cells (56) .
According with these concepts, is was reported that ABC-transporters are transiently expressed at high levels in human neural stem/progenitor cells (hNSPCs) but are downregulated in differentiated hNSPCs, and in normal conditions, they are expressed in a highly regulated manner, with the highest expression in primitive cells and subsequent downregulation following commitment to differentiation (57) . These observations are in according with the main feature of non-fully mature cells as hallmark of MCD where persistent expression of ABC-transporters has been reported (51) . Furthermore, more recently it was experimentally demonstrated in mice that the constitutive deficiency of ABC-transporters leads to distinct impairments in neural stem/progenitor cells maturation and adult neurogenesis in vivo, indicating a functional role of ABC-transporters in stem cell maintenance and differentiation (58) .
All these data clearly suggests that presence of ABC-transporters, in abnormal and immature brain cells as well as in immortalized tumor cells, are clearly a hallmark of a non-fully differentiated progenitor cell.
Additionally to the properties described, a natural special tissue niche is necessary, to regulate the differentiation and proliferation of SCs, and some special neighboring types of cells as macrophages or immunocompetent cells are also needed. These specific areas observed in different organs, as crypts in the gut, bone marrow or hippocampus in the brain, may act as selective niches of different SCs for each specific tissue. After particular stimulations, SCs participate in several processes as tissue growth and differentiation during development, normal cell turnover of adult tissues, and the repair of damaged organs including CNS (59). So, SCs or CSC may remain inside their niche in "silent-state", waiting the activation by stress (seizures included) or specific growth factors and cytokines, as well as start again their proliferation after time-programmed of latency.
Perhaps, this particular cell behavior, could explain the seizures relapse observed in a several refractory epilepsy patients, long-time after epilepsy surgery. According with these descriptions, epileptogenesis is often divided into three stages: the acute event (the triggering insult or initial seizure), a latent period clinically silent, and later spontaneous seizures. Perhaps in this process, some particular type of cells are stem cells or could be acting as such, and after a silent long period of latency, these cells could return to be actives developing the relapse of epilepsy. If it is the case, obviously, the primary defect of the genetic abnormality on these cells, is not modified by the epilepsy surgery (Figure 1 ).
SEIZURE RELAPSE AFTER EPILEPSY SURGERY
Remaining those procedures on cancer, epilepsy surgery has been established as an effective treatment option in pharmacoresistant epilepsies (60, 61) . However, in one study of long-term outcome in 325 people having anterior temporal resection, the rate of seizure freedom was 41% at 10 years. Patients who were seizure free 2 years postoperatively had a 74% probability of seizure freedom by 10 postoperative years. Late recurrence after initial seizure freedom was not uncommon, and risk factors associated with such recurrence are unknown (62) .
More recently, the long-term outcome of surgery for epilepsy in 615 adults, indicated that although most patients showed a substantial reduction in seizures, only 40% entered long-term remission by virtue of having no seizures from time of surgery, and only 28% of those who were seizure free at last follow-up had discontinued antiepileptic drugs and could therefore be regarded as being cured (63) . Similar results were also described by other authors (64, 65) .
For patients with discrete lesions associated with high seizure rates, such as cavernous malformations and dysembryoplastic neuroepithelial tumors, patients seizurefree were only 40 to 45 percent after 10-year, and at date, the available evidence demonstrates that long-term seizure freedom is achieved in about 60% of patients who undergo temporal lobe surgery, and in 30-40% of those who undergo extratemporal surgery (66) (Figure 2) All these results indicate that in spite of the success obtained at early follow-up after epilepsy surgery, relapse of seizures remains to be a problem at long-term, and new biomarkers as well as further improvements in pre-surgical assessment and surgical treatment of people with chronic epilepsy, are needed (67).
STEM-CELL THERAPY AND/OR NEUROTROPHIC FACTORS AS INDUCERS OF STEM-CELS
In this regards it is known that in cerebral cortex, two main classes of neurons exist, the pyramidal cells with glutamatergic projection, and the GABAergic interneurons containing gamma-aminobutyric acid that only represent ~25% of the neurons in the cortex. However, they play an important role in the regulation of cortical function. These interneurons modulate and synchronize the activity of pyramidal cells, which is critical for normal cortical functioning. Multiple lines of evidence directly implicate cortical interneuron dysfunction in several neurological and psychiatric illnesses, including, autism, schizophrenia and epilepsy (68) . Thus far, efforts to differentiate human pluripotent stem cells to cortical neurons have primarily focused on generating pyramidal cells (69) . Instead, generation of specific functionally mature cortical interneurons using methods that recapitulate the normal development of this important population of neurons, have been recently obtained from human embryonic stem cells (hESCs) and human induced pluripotent stem cells (hiPSCs) (70, 71) . According with this reports, cell transplantation strategies have received significant attention as an alternative therapy for temporal lobe epilepsy (TLE) in pre-clinical studies (72, 73) . Particularly neural stem cells (NSCs) are one of the donor cell candidates considered for grafting in the domain of cell-based therapy for TLE because these cells can be expanded in culture for extended periods from diverse sources such as the fetal, postnatal and adult brain, human embryonic stem (ES) cells, and human induced pluripotent stem (iPS) cells suggested to treatment of Dravet syndrome (74, 75) . Several evidences indicate that therapeutic benefits can be obtained by transplanting fetal GABAergic progenitors into the dentate gyrus in rodents with TLE. Recent progress in cell transplantation using the TLE model were well described (76) and, fetal hippocampal cell grafts, neuronal precursor cells from medial ganglionic eminence, and other neural stem cells (NSCs) have been tested as efficacious transplantable cells able to replace damaged hippocampal neurons in epilepsy models (77, 78) .
Prior to transplantation, perhaps we must to know the optimal degree of differentiation of a somatic stem cell to be used for a particular disease, and not let to free evolution in situ of pluripotent stem cells. So, implanting cells pre-committed ex vivo to yield a uniform mature neural cell-type as motor neurons or oligodendrocytes, would certainly maximize not only the number, but also their ability to engraft, their properties to respond to varying environmental cues, to migrate, to integrate networks, as well as to provide other needed neural cell types. Consequently, specifics biomarkers are needed to better selections and stimulation of these progenitor cells.
A recent but non-epileptic study, demonstrated that stem/progenitor cells positive for c-kit increased the expression level of glutamate transporter GLT-1 in the surrounding astrocytes that produced a subsequent lowering of extracellular glutamate level reducing cell damage to surrounding tissue (79) . In this context, stem cell therapy for epilepsy, may supplement the damaged brain with prosurvival growth factors inducing a subsequent improve the host microenvironmental niche; an important interest could also have the recent development of use of pluripotent stem cells for neurodevelopmental disorders (80,81).
A highly efficient method to induce human pluripotent stem cells (iPS) into primitive neural stem cells in 7 days was reported, and subsequently, these cells achieved the differentiation of neural stem cells into regionspecific neuronal subtypes, such as GABAergic, dopaminergic, and motor neurons.
In this regards, the use of neuroprotective agents, as many neurotrophic factors could have therapeutic effects against brain damages observed in several epileptic syndromes. In this regards, direct administration insulinlike growth factor 1 exerts neuroprotective and antiinflammatory effects on KA-induced animal models of TLE which coincided with improved cognitive function (82) . Or the mammalian target of rapamycin (mTOR) signaling pathway, which led to a novel pharmacological modulation of epileptogenesis by use of rapamycin (83) , not only for tuberous sclerosis complex but also for acquired epilepsy, as experimentally demonstrated (84, 85) . Rapamycine, inhibits mTOR complex 1, correcting the specific molecular defect causing the tuberous sclerosis complex. Several case reports suggest that mTOR inhibition leads to shrinkage or stabilization of renal angiomyolipomas, lymphangioleiomyomatosis facial angiofibromas, and subependymal giantcell astrocytoma (86) .
Interestingly, in an experimental model of kainite induced status epilepticus, the mTOR inhibitor rapamycin, administered before kainate, blocked both the acute and chronic phases of seizure-induced mTOR activation and decreased kainate-induced neuronal cell death, neurogenesis, mossy fiber sprouting, and the development of spontaneous epilepsy. Late rapamycin treatment, after termination of status epilepticus, blocked the chronic phase of mTOR activation and reduced mossy fiber sprouting and epilepsy but not neurogenesis or neuronal death. These findings indicate that mTOR signaling mediates mechanisms of epileptogenesis in the kainate rat model and that mTOR inhibitors have potential antiepileptogenic effects in this model (87) . Furthermore, several glioneuronal tumors have expressed the Pi3K-mTOR signaling, that could be inhibited by rapamycine (88) . Molecular-biological studies identified the insulin-growth factor receptor cascade to be involved in the pathogenesis of FCD type IIB, and have indicated accumulation of distinct allelic variants of TSC1 also in FCDIIB suggesting that TSC1 represents a key factor in the phosphatidylinositol 3-kinase (PI3K) signaling (89), a pathway directly related with mTOR activity, that also could be inhibited by rapamycine. According with the potential role of P-gp en epileptogenesis described above and these mentioned data on rapamycne, recent experimental study demonstrated that P-glycoprotein can be induced by mTOR pathway activation (90).
SUMMARY AND PERSPECTIVE
Several observations described here, suggests that ABC-transporters, as P-glycoprotein and BCRP, could be interpreted as stem-cell markers presents in several brain cortical malformations, being constitutive components of immature not-fully differentiated cells, as observed in dysplastic neurons and ballooned cells or brain tumor cells. Interestingly, all these abnormal cells play a role in the epileptogenesis, have high expression of ABC-transporters and are also refractory to AEDs.
Irrespective to the properties of ABCtransporters related with pharmacoresistance, the functional effects of P-pg on membrane depolarization associated to epileptogenesis, and its constitutive expression in nondifferentiated cell, should be more investigated in brain specimens from this epileptic syndromes surgically treated.
So, ABC-transporters and other stem-cell markers, if they are presents in those mentioned abnormal cells, could contribute to build a risk score or prognostic profile for long-time seizures relapse. Under this conditions, new therapeutics tools as iSC and/or neurotrophic factors or rapamycin, could improve the clinical evolution of these severe refractory epilepsy syndromes, avoiding the seizures relapse or the reiterative use of surgical procedures. 
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